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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The invention relates to cutting elements for ro- 
tary drill bits, and of the kind comprising a facing table 
of superhard material having a front face and a rear sur- 
face bonded to the front surface of a substrate which is 
less hard than the superhard material and rim material 
coating the edges of the facing table. 

2. Description of the related art 

[0002] Such cutting elements usually have a facing ta- 
ble of polycrystalline diamond, although other super- 
hard materials are available, such as cubic boron nitride. 
The substrate of less hard material is often formed from 
cemented tungsten carbide, and the facing table and 
substrate are bonded together during formation of the 
element in a high pressure, high temperature forming 
press. This forming process is well known. 
[0003] Each preform cutting element may be mounted 
on a carrier in the form of a generally cylindrical stud or 
post received in a pocket in the body of the drill bit. The 
carrier is often also formed from cemented tungsten car- 
bide, the surface of the substrate being brazed to a sur- 
face on the carrier. Alternatively, the substrate itself may 
be of sufficient thickness as to provide, in effect, a cy- 
lindrical stud which is sufficiently long to be directly re- 
ceived in a pocket in the bit body, without being first 
brazed to a carrier. As is well known, the body of the drill 
bit itself may be machined from metal, usually steel, or 
may be molded using a powder metallurgy process. 
[0004] Cutting elements of the above-described kind 
are often in the form of circular or part-circular tablets. 
Each cutter is so mounted on the bit body that a portion 
of its periphery defines a cutting edge which acts on the 
surface of the formation being drilled. In the case of a 
circular cutter the cutting edge will be provided by a 
curved stretch of the circular periphery of the cutter. In 
some locations on the drill bit, such as in the gauge re- 
gion of the bit, however, the cutting element will be 
formed with a straight cutting edge across part of its pe- 
riphery to act on the formation. 
[0005] Such cutting elements are subjected to ex- 
tremes of temperature and heavy loads, including im- 
pact loads, when the drill is in use down a borehole. It 
is found that under drilling conditions spading of the dia- 
mond table can occur, that is to say the separation and 
loss of diamond material over the cutting surface of the 
table. Such spalling usually spreads from the cutting 
edge, probably as a result of impact forces. The spalling 
reduces the cutting efficiency of the element, and in se- 
vere cases can lead to delamination, that is to say sep- 
aration of the diamond table from the substrate. 
[0006] In order to increase the lifetime or wear-resist- 
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ance of superhard cutter elements it has been suggest- 
ed to coat the superhard layer with layers of softer ma- 
terial. In United States Patent No. 5,049,164 for exam- 
ple, a cutter element is described having a multi-layer 

5 metal coating. Further disclosure of coated cutter ele- 
ments can be found in United States Patent No. 
5,135,061 , and United States Patent No. 5,833,021 . 
[0007] The known coating layers are usually applied 
to pre-fabricated cutting elements using plating tech- 

10 niques, vapor deposition techniques, sputtering, vacu- 
um deposition, arc processes or high velocity spray 
processes. It is therefore seen as an object of the 
present invention to provide cutter elements where the 
facing table of superhard material is at least partially 

15 coated with a softer material. More specifically it seen 
as an object of the invention to provide such cutter ele- 
ments without additional coating step in the production 
process of the cutters. 

20 SUMMARY OF THE INVENTION 

[0008] According to the invention there is provided a 
cutting element, for a rotary drill bit, including a facing 
table of superhard material having a front face and a 

25 rear surface bonded to the front surface of a substrate 
which is less hard than the superhard material, the fac- 
ing table having edges between the front face and the 
rear face, the edges being at least partially coated with 
a layer made of material less hard than the superhard 

30 material but different from the substrate material, and 
being high pressure bonded to the edges. 
[0009] According to another aspect of the invention 
there is provided a drill bit comprising a body and a plu- 
rality of cutter elements as described above. 

35 [001 0] In a preferred embodiment a cutter element in 
accordance with the present invention has a uniform 
outer diameter prior to mounting the cutter element in 
the drill bit with edges of the facing table being at least 
partially coated with the coating material. In a variant of 

40 this embodiment the edges of facing table are essen- 
tially completely covered with the coating material. 
[001 1] In yet another preferred embodiment the coat- 
ing material is bonded to both the superhard facing table 
and the substrate. 

45 [0012] As defined herein, high-pressure bonding 
means a joining of two materials by applying high pres- 
sure and high temperature to the interface between the 
two materials. This process is known as such and widely 
used in the industry. In fact it is seen as very advanta- 

50 geously to provide the coating during the same high 
pressure and high temperature step that establishes the 
bond between the facing table and the substrate. 
[0013] The materials for the coating layer are prefer- 
ably chosen to be softer than the substrate material. 

55 Preferred materials for the coating layer are bondable 
to diamond and must be able to withstand the temper- 
ature and pressure to which it is subjected in the press 
during the diamond synthesis. Suitable coating material 



EP1 182 325 A1 



2 



3 

may be molybdenum (Mo), tantalum (Ta), niobium (Nb) 
and metallic alloys thereof. 

[001 4] Preferred material for the substrate are tung- 
sten carbide or carbides of one of the group IVB, VB, or 
VIB metals, or alloys thereof, or other suitable materials 
and may contain a suitable binder material such as co- 
balt nickel, or iron. 

[0015] The superhard material is synthetic or natural 
diamond, cubic boron nitride or wurtzite boron nitride, 
and may contain binder material as described above. 
[0016] The invention provides cutting elements that 
have a rim or annular jacket of soft compliant metal sur- 
rounding the superhard material. The compliance af- 
fords protection to the cutter element during insertion 
into the drill bit body and use thereof. Compared to pre- 
vious alternatives, the rim material can be applied with 
only minor modification of the existing production meth- 
ods for basic cutting elements. No extra step of plating 
or deposition is required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The following is a more detailed description of 
embodiments of the invention, by way of example, ref- 
erence being made to the accompanying drawings in 
which: 

[0018] Figure 1 is a diagrammatic side elevation of 
one form of rotary drag-type drill bit of a kind with which 
the preform cutting elements of the present invention 
may be used. 

[001 9] Figure 2 is an end view of the bit shown in Fig- 
ure 1. 

[0020] Figures 3A and 3B are a cross-section and a 
top view, respectively, of one form of preform cutting el- 
ement for a drag-type drill bit, in accordance with the 
present invention. 

[0021] Figures 4-6 are similar views showing alterna- 
tive forms of a cutting element in accordance with the 
invention. 

[0022] Figure 7 illustrates an intermediate step of a 
method of producing cutting elements in accordance 
with the invention. 

[0023] Figures 8A-8C illustrate intermediate steps of 
another method of producing cutting elements is ac- 
cordance with the invention. 

[0024] Figure 9 shows a cutting element in accord- 
ance with the invention as part of a drill bit. 
[0025] Figure 1 0 shows a perspective view of a rolling 
cutter drill bit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] One typical and well known form of drag-type 
drill bit is shown in Figures 1 and 2 and comprises a bit 
body 1 on the leading surface of which are formed six 
circumferentially spaced upstanding blades 2 which ex- 
tend outwardly away from the axis of rotation of the bit. 



4 

A number of preform cutting elements 3 are spaced 
apart side-by-side along each blade 2. As previously 
mentioned, each cutting element may be brazed to a 
carrier which is secured within a pocket in the blade 2, 

5 or the substrate of the cutting elements may be of suf- 
ficient length to be received directly in the pocket. The 
cutters are arranged in a generally spiral configuration 
over the leading face of the drill bit so as to form a cutting 
profile which sweeps across the whole of the bottom of 

10 the borehole being drilled as the bit rotates. 

[0027] In Figures 1 and 2 all of the cutting elements 
on the drill bit are shown as being "pointed" cutters, each 
being formed with a cutting apex defined between two 
adjacent regions of the peripheral surface which are dis- 

15 posed at an angle to one another. However, it will be 
appreciated that it is not essential, according to the 
present invention, for all of the cutting elements on the 
drill bit to be of this type and some of the cutting ele- 
ments may be of other shapes, for example they may 

20 be circular or part-circular cutting elements, particularly 
in the gauge region of the drill bit. 
[0028] The bit body is formed with a central passage 
(not shown) which communicates through subsidiary 
passages with nozzles 4 mounted in the leading surface 

25 of the bit body. Drilling fluid under pressure is delivered 
to the nozzles through the internal passages and flows 
outwardly through the spaces between adjacent blades 
for cooling and cleaning the cutters. The spaces be- 
tween the blades 2 lead to peripheral junk slots 5, or to 

30 internal passages 6 in the bit body, through which the 
drilling fluid flows upwardly to the annulus between the 
drill string and the surrounding formation, passing up- 
wardly through the annulus to the surface. 
[0029] The junk slots 5 are separated by gauge pads 

35 7 which bear against the side wall of the borehole and 
are formed with bearing or abrasion inserts (not shown). 
[0030] The bit body and blades may be machined 
from metal, usually steel, which may be hardfaced. Al- 
ternatively the bit body, or a part thereof, may be molded 

40 from matrix material using a powder metallurgy process. 
The general construction of such drill bits, and their 
methods of manufacture, are well known in the art and 
will not be described in further detail. 
[0031] Another form of rotary drill bit is shown in Fig- 

45 ure 10. A rolling cutter earth boring bit 110 includes a 
body member 112, and a plurality of extending legs 114 
which support the rolling cone cutters 1 1 7, 1 1 8, and 119. 
Atypical rolling cutter 118 is rotatably mounted upon one 
of extending legs 1 1 4. Attached to the rolling cutters 1 1 7, 

50 118, 119 are cutting inserts 120, which in operation en- 
gage the earth while the bit 110 is rotated about its lon- 
gitudinal axis 1 08. The rotation of the bit 110 causes ro- 
tation of the rolling cutters 117, 118, 119 to effect a drill- 
ing action. 

55 [0032] Preform cutting elements 3 are shown mount- 
ed in the legs 114 to minimize wear of the leg while the 
rolling cutter drill bit 1 1 0 is drilling through the earth. In 
addition, preform cutting elements 3 may be utilized on 
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the rolling cone cutters 117,118, and 1 1 9 on the gauge 
reaming rows 130 to help the bit 110 continue to drill a 
full gauge borehole in the earth. 
[0033] Figure 3A and 3B shows a preform cutting el- 
ement according to the present invention which may be 
employed on a rotary drag-type drill bit or rolling cutter 
drill bit of the above-described kind, or other form of drill 
bit. Figure 3A is a cross-section through the center of 
the cutting element. Figure 3B shows a top view of the 
cutting element. 

[0034] The cutting element comprises a front facing 
table 31 of polycrystalline diamond bonded to a sub- 
strate 32 of cemented tungsten carbide. The edges of 
the facing table 31 are covered by a layer of molybde- 
num 33. 

[0035] As may be seen from further examples shown 
in Figure 4A to 4C, the periphery of the cutting element 
can be shaped such that the facing material 41 extents 
to the outer diameter of the cutting element. It can be 
advantageous to expose the superhard material at a 
part of the periphery that is to first encounter the forma- 
tion during a drilling operation. The soft rim 43 may have 
either a uniform thickness, as shown in the top view of 
Figure 4B, or may have tapered corner sections 431 , as 
shown in Figure 4C. The latter variant reduces the 
sharply angled corners along the edge of the superhard 
table 41 . 

[0036] In another variant, shown in Figure 5, the su- 
perhard facing table 51 is pointed having an exposed 
cutting edge or apex to be first directed towards the for- 
mation. The remainder of the periphery is covered by 
the soft metal rim 53. 

[0037] In yet another variant of the invention, as 
shown in Figure 6, the cutting element has a hemispher- 
ical or dome shaped distal end. The end is capped by a 
layer of superhard diamond material 61 . The rim mate- 
rial 63 resides within groove along the perimeter of the 
distal end of the substrate 62. 

[0038] Figure 7 shows a cross-section of an assembly 
that may be employed to produce the cutting element. 
The assembly is designed to fit into the cavity of a dia- 
mond press. 

[0039] The outer enclosure or can 74 of the assembly 
is composed of a metal such as zirconium, molybde- 
num, or tantalum, which is selected because of its high 
melting temperature and designed to protect the reac- 
tion zone from harmful impurities present in a high pres- 
sure and high temperature environment. The lid 75 is 
also made of a metal such as zirconium, molybdenum, 
or tantalum. 

[0040] The diamond material 71 is preferably sized 
within the range of 1 to 100 microns. 
[0041 ] The substrate 72 is composed preferably of ce- 
mented tungsten carbide. Irregularities or other inter- 
face shapes may be formed on the surface of the sub- 
strate as desired and known in the art. They can be 
molded into the surface of an unsintered metal carbide 
substrate prior to sintering. 
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[0042] A ring-shaped element of molybdenum 73 is 
introduced into the metal can 74 prior to filling the re- 
maining volume with the diamond material. 
[0043] The entire cell is placed in a diamond press 

5 and subjected to pressures in excess of 40 K-bars and 
heated in excess of 1 200 degrees Celsius for a time of 
about 10 to about 20 minutes. The pressure and tem- 
perature generates an intimate bond between substrate 
and diamond table through a process often referred to 

10 as "sintering". For the purpose of this invention it is im- 
portant to note that the same type of bonding is gener- 
ated at the boundary layer between the diamond mate- 
rial and the molybdenum ring (and between the sub- 
strate and the ring). 

15 [0044] After pressing, the samples are lapped and 
ground to remove the metal can and lid 74 and 75 and 
to generate a cutting element with a uniform outer diam- 
eter. 

[0045] Using the above method, a cutting element 
20 with a soft metallic ring around at least part of the pe- 
riphery of the diamond table can be produced without 
an additional metal plating or deposition step. 
[0046] Figures 8A-8C illustrate a further simplified 
process of manufacturing the preforms of the present 
25 invention. Here the metal can 84 comprises the metallic 
material to form the rim section 83 around the superhard 
material 81 . The samples are then processed in accord- 
ance with the steps described above. However and in 
contrast to the known methods, when grinding the blank 
30 to a uniform OD, care is taken to not remove parts 83 of 
the can 84. 

[0047] Figure 8B shows the limits of the grinding proc- 
ess as dashed lines and Figure 8C shows the final cut- 
ting element prior to insertion into the drill bit. The cutting 

35 element is ground to a uniform outer diameter while the 
rim 83, made of residual can material, forms a sleeve of 
soft material enclosing the superhard facing table 81 . 
[0048] Finished parts are mounted on to tool shanks 
or drill bit bodies by well-known methods, such as braz- 

40 ing, LS bonding, mechanical interference fit, etc., and 
find use in such applications as percussive rock drilling, 
machining materials with interruptive cuts such as slot- 
ted shafts, or any application where high impact forces 
and/or thermal stress may result in delamination of the 

45 diamond layer from conventional PCD compacts. 
[0049] Figure 9 displays a cutting element in accord- 
ance with the present invention inserted into a drill bit. 
The body 90 of the drill bit is only partially shown. Insert- 
ed into the body is a cutter element in accordance with 

so an example of the invention. The cutting element is 
shown as it engages the formation 95. The cutting ele- 
ment comprises a table 91 of superhard bonded onto a 
substrate 92. The substrate may be extended to form a 
pin that is then brazed into a pocket of the body 91 . In 

55 the variant of Figure 9, the cutting edge of the facing 
table 91 is coated with a protective rim 93 made of soft 
metal. The abrasive impact of the formation is used to 
remove the rim 93 from the cutting edge. The remainder 
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of the rim however provides a ductile and compliant tran- 
sition zone between the superhard material and the 
body material of the drill bit. 

[0050] Whereas the present invention has been de- 
scribed in particular relation to the drawings attached 
hereto, it should be understood that other and further 
modifications, apart from those shown or suggested 
herein, may be made within the scope and spirit of the 
present invention. 



Claims 

1. A cutting element, for a rotary drill bit, including a 
facing table of superhard material having a front 
face and a rear surface bonded to the front surface 
of a substrate which is less hard than the superhard 
material, the facing table having edges between the 
front face and the rear face, the edges being at least 
partially covered with a layer made of a metallic ma- 
terial less hard than the superhard material but dif- 
ferent from the substrate material, and the layer be- 
ing high pressure bonded to the edges of the facing 
table. 

2. The cutting element of Claim 1 , wherein the facing 
table comprises a polycrystalline diamond material. 

3. The cutting element of Claim 1 , wherein substrate 
material is selected from a group consisting of tung- 
sten carbide or carbides of one of the group IVB, 
VB, or VIB metals, or alloys thereof. 

4. The cutting element of Claim 1 , wherein layer ma- 
terial is softer than the substrate material. 

5. The cutting element of Claim 1 , wherein the layer 
material is selected from a group consisting of mo- 
lybdenum (Mo), tantalum (Ta), niobium (Nb) and 
metallic alloys thereof. 

6. The cutting element of Claim 1 , wherein the layer 
material is a residual of a metallic enclosure enclos- 
ing the superhard material and the substrate mate- 
rial during the high pressure bonding, the residual 
not being removed prior to insertion of the cutting 
element into a body of a drill bit. 

7. The cutting element of Claim 1 , with the metallic lay- 
er being high pressure bonded to the facing table 
and to the substrate. 

8. The cutting element of Claim 1 , wherein the metallic 
layer forms a continuous rim around the edge of the 
facing table. 

9. The cutting element of Claim 1 , wherein the metallic 
layer forms a discontinuous rim around the edge of 
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the facing table. 

1 0. The cutting element of Claim 8, wherein the metallic 
layer forms a discontinuous rim around the edge of 

s the facing table leaving a cutting edge of facing ta- 
ble without coating. 

11 . A rotary drill bit comprising a main body and a plu- 
rality of cutting elements, said elements each hav- 

10 ing a facing table of superhard material having a 
front face and a rear surf ace bonded to the front sur- 
face of a substrate which is less hard than the su- 
perhard material the facing table having edges be- 
tween the front face and the rear face, the edges 
15 being at least partially covered with a layer made of 
material less hard than the superhard material but 
different from the substrate material, and the layer 
being sintered to the edges. 

20 1 2. The cutting element of Claim 1 1 , wherein the facing 
table comprises a polycrystalline diamond material. 

13. The cutting element of Claim 11 , wherein substrate 
material is selected from a group consisting of tung- 

25 sten carbide or carbides of one of the group IVB, 
VB, or VIB metals, or alloys thereof. 

14. The cutting element of Claim 1 1 , wherein layer ma- 
terial is softer than the substrate material. 

30 

15. The cutting element of Claim 1 , wherein the layer 
material is selected from a group consisting of mo- 
lybdenum (Mo), tantalum (Ta), niobium (Nb) and 
metallic alloys thereof. 

35 

16. The cutting element of Claim 11, wherein the layer 
material is a residual of a metallic enclosure enclos- 
ing the superhard material and the substrate mate- 
rial during the high pressure bonding, the residual 

40 not being removed prior to insertion of the cutting 
element into a body of a drill bit. 

17. The cutting element of Claim 11, with the metallic 
layer being high pressure bonded to the facing table 

45 and to the substrate. 

18. The cutting element of Claim 11, wherein the me- 
tallic layer forms a continuous rim around the edge 
of the facing table. 

50 

19. The cutting element of Claim 11, wherein the me- 
tallic layer forms a discontinuous rim around the 
edge of the facing table. 

55 20. The cutting element of Claim 19, wherein the me- 
tallic layer forms a discontinuous rim around the 
edge of the facing table leaving a cutting edge of 
facing table without coating. 
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